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abstract
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This paper assesses the growth impact of telecommunications infrastructure investment in developing countries by subjecting country-speciﬁc data on mainline teledensity and per capita growth to a Granger causality test within a panel cointegration
framework. The results suggest that growth effects vary widely across country groupings reﬂecting different levels of development. Mainline tele-density and per capita
growth strongly reinforce each other for countries that are relatively less developed.
The reinforcement effect is even stronger for emerging countries that can be identiﬁed
by their higher than average growth rates. In contrast, there is, at best, weak evidence of
bi-directional causal links between the two variables for countries that are relatively
more developed. These differences in the mainline tele-density and per capita growth
relationships suggest that investment in telecommunications infrastructure, with its
potential to generate high growth return, may serve as the critical tool for driving the
growth and development process forward in the less developed countries.
Published by Elsevier Ltd.
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1. Introduction
Asymmetrical per capita income growth has always been a major concern in the growth theoretic literature.
Consequently, a key question that often has intrigued economists is whether there exist automatic forces that lead to
convergence over time in the levels of per capita income and per capita production. Traditional neoclassical growth models
proposed by Solow (1956) have intensiﬁed interest in this question by inspiring researchers to empirically test the major
determinants of long term per capita growth. Contributions made by Barro (1991) and Barro and Sala-I-Martin (1991, 1992)
are notable in this respect.
Recent advances in growth theoretic literature have effected an augmentation of Solow’s growth model by providing an
endogenous explanation of the sources of technological change. This new development, in turn, has ushered in a stream
of research identifying endogenous sources of technological change attributable to faster growth across countries.
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The ﬁndings of these studies can be divided into three groups. The ﬁrst group including Lucas (1998) and Romer (1990) has
emphasized the stock of human capital as the most critical source of technological change. The second group, including
Aschauer (1989), Mowery and Rosenberg (1989), Canning, Fay, and Perotti (1994), Lichtenberg (1995), Sanchez-Robles
(1998), and Canning and Bannathan (2000), has paid close attention to public infrastructure and argued in favor of its
potential to impact economic growth by producing technological change.2 Deviating slightly from the second group, the
third group including Norton (1992), Roller and Waverman (1996, 2001), Cornin, Colleran, Gold, Herbert, and Lewitzky
(1993) and Nadiri and Nandi (2003) has focused primarily on one component of infrastructure investment, namely
telecommunications infrastructure investment and its ability to generate signiﬁcant gain in productivity growth. While
complementing the results derived by the second group of studies referred above, summary conclusions of these latter
studies add to the convergence hypothesis by suggesting that investment in telecommunications infrastructure, with its
ability to create spillover effects through network externalities, can impact growth far more signiﬁcantly than can any
other alternative infrastructure. Though limited to developed country perspective, the empirical ﬁndings offered in this
last group of studies have raised hope that increased investment in telecommunications infrastructure, with its associated
network externalities and spillover effects, may signiﬁcantly boost developing countries’ efforts to close the developmental gap.3 No serious efforts, however, have yet been made in the literature to examine the importance of
telecommunications infrastructure investment in the context of developing countries. It seems important to ﬁll this gap.
Utilizing Granger causality tests within a panel cointegration framework, this paper investigates the growth impact of
telecommunications infrastructure investment for a panel of 93 developing countries that vary widely between
themselves in terms of their attained levels of development.4 In particular, the paper explores the possibility of a twoway causal link between telecommunications infrastructure investment and economic growth in the selected panel of
developing countries. Additionally, subdividing the selected panel into country groups representing varied levels of
development, the paper examines the importance of the attained level of development, if any, in inﬂuencing the growth
impact of telecommunications infrastructure investment in the included countries. The empirical analysis is based on the
country-speciﬁc data for telecommunications infrastructure investment and growth provided by the World Bank. While
telecommunications infrastructure investment has been measured with mainline access per 100 inhabitants5 (known
popularly as mainline tele-density), economic growth has been represented by per capita GDP. The time period for the data
set spans 1985 through 2007.6
The results of the empirical analysis suggest that the growth impact of telecommunications infrastructure investment
(mainline tele-density or MTD for short) differ signiﬁcantly across country groupings with varying levels of development.
Most notably, the results provide strong evidence for bi-directional causal links between mainline tele-density and
economic growth in countries that are functioning at a relatively lower level of development. The evidence is even stronger
for emerging countries identiﬁable by their higher than average growth rates. In contrast, evidence for such bi-directional
causal links is weaker for countries that are relatively more developed. In terms of policy implications, the results indicate
that advancement in telecommunications technology should receive utmost priority for countries that are yet to reach a
threshold level of development. With a two-way feedback effect, such investment is likely to produce stronger growth
effects for these countries and induce additional investment helpful for building a critical mass.
The layout of the paper is as follows. The section that follows summarizes the existing evidence on the link between
telecommunications infrastructure and economic growth. The empirical approach along with the results of cointegration
and causality tests are reported in Section 3. Concluding remarks are included in Section 4.

2. Existing evidence on the link between tele-density and economic growth
A growing literature recognizes the positive link between mainline tele-density and economic growth, mainly in the
long run. Starting from Hardy (1980), numerous studies including Leff (1984), Norton (1992), Lichtenberg (1995), Roller
and Waverman (1996) and Datta and Agarwal (2004) contribute to this end by quantifying the positive impact of
telecommunications infrastructure on economic growth. It is implicit in all these studies that the positive link between the
two referred variables is explained mainly by the phenomenon of network externalities associated with telecommunications infrastructure. While analyzing online service competition, Kim, Juhn, and Ha (1997) provide an explicit
demonstration of this phenomenon by documenting the relatively higher impact of telecommunications infrastructure
on economic growth compared to that of other traditional infrastructure. Nadiri and Nandi (2001) extend the work of Kim
et al. (1997) further by analyzing the impact of telecommunications infrastructure for all industry sectors in the US at their
2
Utilizing sophisticated time series technique that rules out the possibility of a spurious correlation between infrastructure investment and per
capita income, Canning and Bennathan (2000) and Canning and Pedroni (2004) have advanced this argument further by differentiating between long run
and short run impact of infrastructure investment.
3
For a fuller discussion on this issue see Nandi (2001) and World Economic Forum (2006).
4
Regional grouping of these included countries is shown in Appendix Table A1.
5
Although a broader deﬁnition of telecommunicationnfrastructurncludeotainlinccesnobilenetration, the choice to keep the deﬁnition limited to
mainline access in this paper is driven by lack of data on mobile penetration for the selected country panel over the chosen time period.
6
The start date for the data set is inﬂuenced by the fact that most of the developing countries started reforming their telecommunicationectoarly1980s. The end date of 2007 reﬂects the latest year for data availability.
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disaggregated levels. Roller and Waverman (2001) provide a similar extension with cross-country data from OECD
countries. By utilizing sophisticated econometric techniques, both these studies suggest that telecommunications
infrastructure, through its network externalities, transforms economic productivity by shifting economic growth onto
an altogether higher level. Noting that the beneﬁt of the network effect is dependent on the presence of a critical mass of
40% penetration rate, Roller and Waverman (2001) concludes that convergence in telecommunications infrastructure
capabilities between countries can lead to narrowing of differences in their economic growth.
Although it is possible for causation to run both ways between mainline tele-density and economic growth, only a few
studies have addressed this question explicitly. The earliest reference on causal links is found in Cronin, Parker, Colleran,
and Gold (1991) and Lee (1994). Applying Granger causality tests on post-war U.S. data, the former study provides
empirical evidence in support of a two-way feedback between mainline tele-density and economic efﬁciency. The latter
study reports similar feedback effect for the Korean Republic. Recent ﬁndings on reverse causality reported in Roller and
Waverman (2001), however, contradict with these studies. Utilizing a joint equation system that endogenizes mainline
tele-density for a panel of OECD countries, Roller and Waverman (2001) ﬁnd that mainline tele-density induces growth,
rather than the other way around; furthermore, their results indicate that the strength of this uni-directional causal effect
depends on the presence of a critical mass of telecommunications infrastructure.
While enhancing a general understanding of the growth impact of mainline tele-density, the above cited studies focus
mainly on expected beneﬁts from the telecommunications infrastructure for developed economies. This happens to be true
for a majority of the telecommunications studies reported in the literature. More speciﬁcally, rapid innovations in
telecommunications technology have widely been identiﬁed as the key potential force for developing countries to leapfrog to a higher level of technology and accelerate their pace in the catching-up process. Yet, the empirical work on the
linkage between telecommunications infrastructure investment and growth in the context of the developing economies is
still extremely rare in the literature. To the best of available knowledge, Chakraborty and Nandi (2003) and Sridhar and
Sridhar (2007) are the only studies that analyze the growth impact of telecommunications infrastructure from the
developing countries’ perspective. Utilizing panel data on mainline tele-density and economic growth for 12 Asian
developing countries, the former study shows that the two variables share a steady state equilibrium relationship in the
long run, with two-way feedback effect visible only for the countries that allow a high degree of private participation in
their telecommunications sector. Allowing for endogeneity of telecommunications adoption and economic growth and for
ﬁxed effects, the latter study reports that though signiﬁcant, growth effects of both mainline and cell phone penetration for
developing countries are smaller compared to those observed for high-income OECD countries. Both these studies provide
important insight on the use of telecommunications infrastructure as a tool for spreading economic growth in developing
countries. Yet, they fail to address the wide disparity in the attained level of development within the developing countries
and its impact on their ability to beneﬁt from development and adoption of telecommunications technology. The issue,
however, seems important when seen in the context of the observed trends in mainline tele-density and per capita GDP
growth over the period 1985–2007. While there appears to be a weak correlation between growth in mainline tele-density
and per capita GDP at the aggregate level,7 country by country performance of the two variables offers no uniform pattern
of their association over the observation period.8 Such cross-country variation in the nature of the association between the
two variables may partly be due to the differences in country characteristics. Starting with this hypothesis, this paper
allows for heterogeneity in the level of development in its empirical framework and tests its signiﬁcance in explaining the
growth impact of mainline tele-density in developing countries.
3. Empirical results
3.1. Approach
Deviating from the earlier studies, this paper utilizes a panel cointegration framework for studying the relationship
between mainline tele-density and per capita GDP in developing countries. The panel allows for heterogeneity across 93
different countries of Asia, Europe, Latin America and Africa. Two questions are of particular importance for the paper:
ﬁrst, is there a long run steady state relationship between investment in telecommunications infrastructure and per capita
growth in GDP for all of the 93 countries included in the panel? and second, given the existence of a cointegrated
relationship, can the chronology of causal effects between mainline tele-density and per capita GDP be identiﬁed
accurately by uncovering the short run dynamics of the long run relationship?
Utilizing the time series data on mainline tele-density (MTD) and per capita GDP (PGDP), empirical tests on the two
questions identiﬁed above deﬁne the subject matter for the rest of this section. As reported earlier, both of these data
series cover the period 1985–2007 and have been collected from the World Development Indicator database published by
the World Bank. A simple panel regression, with the variables deﬁned at their levels, reveals a signiﬁcant positive
7
Average annual growth rate in mainline tele-density for all developing countries increased from 6.7% in 1985–1995 to 10.3% over 1995–2007.
Between the same two periods, average annual growth rate in per capita GDP increased only moderately from 3.9% to 4.2%.
8
A close look at the data set reveals that growth in mainline tele-density for the Latin American countries kept pace with that in average per capita
income over the period 1985–2007. In contrast, growth in mainline tele-density for most of the Asian countries failed to demonstrate any positive
correlation with that in per capita income over the referred period.
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association between mainline tele-density and per capita GDP. The correlation coefﬁcient between the two variables
is 0.89.
The empirical investigation regarding the association between mainline tele-density and per capita GDP in this paper
follows the three step procedure used in Basu, Chakraborty, and Reagle (2003). Using the panel unit root tests, nonstationarity in the two variables of mainline tele-density and per capita GDP is tested at the very ﬁrst step of the
estimation procedure. Prompted by the existence of unit roots in the time series, a panel cointegration technique,
developed by Pedroni (1999, 2004), has been used to test the possibility of a long-run cointegrated relationship between
the two variables of interest at the second step. With evidence in support of a long-run cointegrated relationship between
mainline tele-density and per capita GDP across the country panel, Granger causality in the relationship has been
uncovered using an error correction model at the ﬁnal step.

3.2. Empirical results
3.2.1. Unit root
The panel data framework for the unit root test has gained attractiveness in the empirical literature because of its weak
restrictions. It captures the member-speciﬁc effects and allows for heterogeneity in the direction and magnitude of the
parameters across the selected panel. In addition, it allows for a great degree of freedom in terms of model selection. The
alternatives for model choice range from a model with homogeneous intercepts and heterogeneous trends to a model with
no intercepts and no trends. Further, with each model, it is possible to control the common time effects.
Following the methodology used in Basu et al. (2003) and Chakraborty and Nandi (2003), both mean stationarity and
trend stationarity for the two variables of mainline tele-density and per capita growth have been explored in the
cointegration models. Also, control for time effects common to all countries (t ¼1985–2007) has been incorporated in each
of the tested models. The four speciﬁc cointegration models examined in the paper include the model with heterogeneous
intercepts and no common time effect (M1), model with heterogeneous intercepts and common time effect (M2), model
with heterogeneous intercepts and heterogeneous trends ignoring common time effects (M3) and model with heterogeneous intercepts and heterogeneous trends allowing for common time effects (M4). For each of these models, the null of
non-stationarity in the two variables of interest has been tested against the alternative of stationarity. This standard test
evaluates four different statistics for variables at their levels and at their ﬁrst differences.9 While the ﬁrst two test statistics
are non-parametric rho-statistics, the last two are parametric ADF t-statistics. Sets of these four statistics for each of the
four models are reported in Table 1.
The ﬁrst two rows under each model report the panel unit root statistics for mainline tele-density and per capita
growth at levels. Given that the left tail of the normal distribution is used to reject the null of non-stationarity, the
relatively small negative values reported in these two rows almost consistently fail to reject the null across different
models. The last two rows under each model report the panel unit root statistics for ﬁrst differences in mainline teledensity and per capita GDP. The large negative values for the statistics in these rows indicate rejection of the null of nonstationarity at 1% level for the differentiated variables under all model speciﬁcations. Based on these results, it may,
therefore, be concluded that mainline tele-density and per capita GDP are unit root variables, or are integrated of order
one, i.e. I (1) variables for short.

3.2.2. Panel cointegration
With conﬁrmation on the integrated order of the two variables of interest, the existence of a long run relationship
between mainline tele-density and per capita GDP has been explored using the panel cointegration technique.
The speciﬁc cointegration relationship estimated has the following form:
MTDit ¼ ai þ dt þ bi PGDP it þ eit

ð1Þ

where ai (i¼ 1, 2,y.,93) refers to country-speciﬁc effects, dt refers to time effects and eit is the estimated residual,
indicating deviations from the long-run steady state relationship. With a null of no cointegration, the panel cointegration
test is essentially a test of unit root in the estimated residuals of the panel. If eit in Eq. (1) is found to be stationary, or
consistent with I (0), one may claim that cointegration exists between mainline tele-density and per capita GDP. Pedroni
(1999) refers to seven different statistics for testing unit roots in the residuals of the postulated long-run relationship. Of
these seven statistics, the ﬁrst four are referred to as panel cointegration statistics; the last three are known as group mean
panel cointegration statistics. In the presence of a cointegrating relation, the residuals are expected to be stationary.
A positive value for the ﬁrst statistic and large negative values for the remaining six statistics allow rejection of the null of
no cointegration. All seven statistics under different model speciﬁcations are reported in Table 2.
As evident from the table, all the statistics for all different model speciﬁcations suggest rejection of the null at 1% level.
Clearly then, the two unit root variables of per capita GDP and mainline tele-density are cointegrated in the long run.
In practical terms, mainline tele-density and per capita GDP are positively associated with each other.
9

These four statistics represent a combination of the tests used by Levin, Lin, Chu, and Shang (2002) and Im, Pesaran, and Shin (2003).
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Table 1
Unit root test for MTD and per capita GDP: developing country panel (93 countries).
Levin-Lin rho-Stat

Levin-Lin t-rho-stat

Levin-Lin ADF Stat

IPS ADF Test

M1
MTD
PGDP
DMTD
DPGDP

0.27301
 3.88819
 54.10947a
 63.11724a

 1.52063
 4.17595
 27.74330a
 33.66166a

 3.71119
 4.78649
 27.08808a
 32.06637a

 2.14930
 5.58081
 50.31217a
 45.60098a

M2
MTD
PGDP
DMTD
DPGDP

 3.53882
 2.54553
 60.34344a
 63.43706a

 3.62828
 2.08085
 33.96713a
 36.32279a

 3.90886
 2.02094
 29.31662a
 32.84833a

 2.56128
 1.64714
 39.10273a
 34.81776a

M3
MTD
PGDP
DMTD
DPGDP

 3.49100
 2.33815
 69.29112a
 76.35370

 2.88443
 1.86045
 28.38954a
 30.76353a

 3.38777
 2.87286
 26.99840a
 28.95080a

 4.48175
 4.48175
 47.12359a
 40.28679a

M4
MTD
PGDP
DMTD
DPGDP

 2.75385
 4.82574
 75.03452a
 78.18491a

 1.68920
 3.00077
 32.41633a
 32.23244a

 1.76193
 2.50115
 28.70710a
 30.46458a

 4.40047
 1.19541
 45.63679a
 38.63268a

Null: MTD and PGDP are non-stationary.
a
Large negative values for the test statistics indicate rejection of the null of non-stationarity at the 1% level.

Table 2
Cointegration test: all developing countries.
Test Statistic

M1

M2

M3

M4

Panel
Panel
Panel
Panel

12.88682
 14.39027
 19.46467
 12.98648

9.41639
 11.15552
 16.81752
 10.45526

5.60772
 9.33187
 20.16269
 11.24927

3.27829
 8.67742
 21.40505
 11.91080

 11.14113
 30.01173
 19.12451

 9.41183
 26.68516
 16.60890

 6.72222
 23.96096
 15.13187

 6.02674
 25.07089
 12.55218

V-Stat
rho-Stat
PP-Stat
ADF-Stat

Group r- Stat
Group pp-Stat
Group ADF-Stat

Null: no cointegration between MTD and PGDP.
Note: All of the estimates are signiﬁcant at 1% level.

3.2.3. Test of causality: all developing countries
With the afﬁrmation that per capita GDP and mainline tele-density are cointegrated, Granger causality in the long-run
relationship is tested using an error correction model. As proposed by Engle and Granger (1987), and demonstrated by
Granger, Huang, and Yang (2000), the causality test itself is a two-stage estimation process. The ﬁrst step relates to the
estimation of the residual from the cointegrated relationship shown in Eq. (1). Incorporating the residual eit as a right hand
side variable, the dynamic error correction model is estimated at the second step for drawing inferences on Granger
causality. Following these steps, the dynamic error correction model of our interest has the following form:

DMTDit ¼ a1i þ Z1i eit1 þ Sk b1ik DMTDi,tk þ Sk b2ik DPGDP i,tk þ u1it
DPGDP it ¼ a2i þ Z2i eit1 þ Sk g1ik DPGDPi,tk þ Sk g2ik DMTDi,tk þ u2it

ð2Þ

in which k refers to the optimal lag length for each country in the panel.10
The two coefﬁcients Z1i and Z2i represent the speeds of adjustment along the long-run equilibrium path, while Z1i can
be interpreted as displaying the long-run effects of per capita growth on mainline tele-density, Z2i can be taken to imply
the long-run effects of mainline tele-density on per capita growth.11 Following Engle and Granger (1987), for the ith
country in the panel, the existence of cointegration between the referred variables indicates causal links among the set of
10

With no evidence of increased model signiﬁcance from extended lags, the lag length has been kept limited to two periods.
The long-run effects reﬂect movements along the path of a steady state equilibrium relationship between output and FDI stocks and, hence, are
considered permanent.
11
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Table 3
Causality test: All developing countries.
Hypotheses

Long run

Short run

H0: MTD does not cause PGDP
H0: PGDP does not cause MTD

F¼ 4.02 , p o 0.00
F¼ 1.64n, p o 0.00
F critical ¼1.57

F ¼0.94, p 40.05
F ¼6.04n, po 0.00
F critical¼ 1.47

n

n

Signiﬁcant at 1% level.

variables as manifested by 9Z1i9þ9Z2i940. Accordingly, failing to reject H0: Z1i ¼0 for all i(i¼1,2,......93) implies that per
capita GDP does not Granger cause mainline tele-density in any of the countries included in the panel over the long run.
Conversely, failing to reject H0: Z2i ¼0 for all i(i¼1,2,......93) implies that mainline tele-density does not Granger cause per
capita GDP in any of the countries in the panel for the long run.
The set of coefﬁcients b2ik and g2ik capture interim effects and reﬂect the adjustment process between the associated set
of variables in response to a random shock. Consequently, failing to reject H0: b2ik ¼ 0 for all i and k (i ¼1,2,y93,
k ¼1,2,yk) implies that per capita GDP does not Granger cause mainline tele-density in any of the countries included in
the panel during the short run, and failing to reject H0: g2ik ¼ 0 for all i and k (i¼ 1,2,y93, k¼1,2,yk) implies that
mainline tele-density does not Granger cause per capita GDP for any of the countries included in the panel in the short run.
Following the conventional procedure, a standard F test has been used to test the referred sets of long-run and short-run
hypotheses. The results of these tests are shown in Table 3.
As evident from the table, both hypotheses of no long run causality have been rejected at the 1% level indicating robust
bi-directional links between mainline tele-density and per capita GDP in the developing countries in general. For the short
run, however, only the null of no causality from per capita growth to mainline tele-density is rejected at the 1% level; the
null of no causality from mainline tele-density to per capita GDP cannot be rejected at all. Thus, though there is evidence of
bi-directional causal links in the long run, short run causality between mainline tele-density and per capita GDP is unidirectional for all developing countries in the panel; it is per capita GDP that induces mainline tele-density in the
developing countries in the short run.
3.2.4. Test of causality: effect of differential levels of development
Although the causality tests for the entire panel of developing countries provide evidence of two-way links between per
capita GDP and mainline tele-density in the long run, the direction and magnitude of causal links between the two
variables might vary between individual members of the developing country panel. A two-step procedure explores this
possibility. First, by utilizing a two-stage measure for the level of development, countries have been subdivided into
groups labeled ‘‘less developed’’, ‘‘emerging’’ and ‘‘more developed’’. For each of these resulting three subgroups, the error
correction model shown in (2) has been re-estimated at the ﬁnal step.
To construct the measure for level of development, a world average of manufacturing share of GDP for all developing
countries has been computed using country share of total manufacturing output as respective weights. This average has
then been utilized to subdivide the country panel into two broad groups of ‘‘more developed’’ and ‘‘less developed’’
countries.12 The former group includes countries for which the share of manufacturing output is greater than the world
average. The rest of the countries are included in the ‘‘less developed’’ category.13 Noticing a wide variation in per capita
growth rates within the countries included in the latter category, the subgrouping procedure has been repeated to divide
this category once again to create a new group of ‘‘emerging’’ countries. This third and the last group of countries are
distinct in two ways: (i) though higher than all country average, the manufacturing share of GDP for these countries is
lower than that of the more developed countries and (ii) per capita growth rate for these countries exceeds that of the all
country average. Results of the Granger causality tests for each of the three identiﬁed subsets are presented in Table 4.
As obvious from the table, the nature of the causal links between mainline tele-density and per capita GDP is strikingly
different across the three groups of countries representing three different levels of development. The subsets of less
developed and emerging countries display robust bi-directional causal links between the two variables of mainline teledensity and per capita GDP in the long run as well as in the short run. By contrast, there is no strong evidence of long-run
causal links between the two variables of interest in the subset of more developed countries. While there is at best
weak evidence of bi-directional link between the two variables in the long run, short run causality for these countries is
uni-directional and runs only from per capita GDP to mainline tele-density.
12
As opposed to this index based classiﬁcation, the country classiﬁcation reported by the World Bank is based solely on the criterion of gross
national income per capita. Based on the latter criterion, the World Bank divides countries into four groups: (1) lower income economies, (2) lower–
middle income economies, (3) upper–middle income economies and (4) high income economies. While the ﬁrst three categories are generally grouped
together to deﬁne the developing countries, countries included in the ﬁrst two categories are referred as the less-developed countries. Though
classiﬁcation by income does not always reﬂect development status, it is interesting to note that country classiﬁcation used in this paper has substantial
overlaps with classiﬁcation reported by the World Bank (2006).
13
The country classiﬁcation arrived at following this methodology is reported in the Appendix Table A2.
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Table 4
Causality test: impact of the level of development.
Hypotheses

Less Developed
Long run

H0: MTD does not cause PGDP
H0: PGDP does not cause MTD

n

n

F ¼ 2.64
F ¼ 2.50n
F critical¼ 1.79

Emerging
Short run
n

F ¼3.62
F ¼1.50n
F critical¼ 1.50

Long run
n

F ¼6.31
F ¼4.97n
F critical¼ 1.75

More developed
Short run
n

F¼ 2.36
F¼ 1.70n
F critical¼1.50
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3.2.5. Plausible explanations for the Granger causality results
The marked differences in the short and long-run dynamics of the mainline tele-density and per capita GDP
relationship between the subdivided panels may be attributed to speciﬁc characteristics of telecommunications
infrastructure in the differentiated groups of countries and their capacity to generate returns on additional investment
on telecommunications technology. With mainline tele-density far below universal access, increased investment in
telecommunications infrastructure produces signiﬁcant returns in terms of growth by reducing transactions cost and
increasing efﬁciency in the less developed countries14; the strengths of the F statistics for the emerging countries suggest
that the growth impact of such incremental investment increases with an increased level of threshold penetration.15 In
addition, since income elasticities of telecommunications infrastructure services are relatively high for both groups of
countries, increased growth beneﬁts for these countries induces further increase in demand for telecommunications
infrastructure investment. With such two-way reinforcement between mainline tele-density and per capita GDP, less
developed and emerging countries appear to be the largest beneﬁciaries of telecommunications infrastructure investment.
By contrast, with mainline tele-density close to universal access, investment in telecommunications infrastructure of
relatively more developed countries is, perhaps, subject to diminishing returns.
4. Summary and conclusion
It is now widely believed that information technology in general and telecommunications technology in particular will
play a growing role in pushing the growth and development process forward in the increasingly integrated global
economy. Beginning from the late 1980s, a majority of the developing countries introduced reforms in their telecommunications sector to enhance investment in telecommunications infrastructure and remove policy related obstacles
that may keep them from fully capturing the beneﬁts of network externalities and spillover effects. Optimum allocation of
resources among alternative infrastructure development, however, continues to be a major concern for most of these
countries. While policy revisions emphasizing investment in telecommunications infrastructure are being contemplated
by many of the developing countries, sound empirical evidence on growth and development beneﬁts of such investment is
still rare in the literature. It is against this backdrop that the paper assesses the growth impact of telecommunications
infrastructure investment for a panel of 93 developing countries spanning the four continents of Asia, Africa, Europe and
Latin America. Subjecting country-speciﬁc data on mainline tele-density and per capita GDP to the Granger causality test
within a panel cointegration framework that integrates long and short run dynamics, the paper also addresses many
important gaps in the earlier literature.
For the entire panel of developing countries, the ﬁndings of the paper suggest that mainline tele-density and per capita
GDP are cointegrated in the long run. At the aggregate level, Granger causality test suggests two-way feedback between
the two variables in the long run. In the short run, causation runs only from per capita GDP to mainline tele-density.
Regarding the subdivided panels of developing countries, it turns out that favorable growth effects of increased
telecommunications infrastructure investment are largely restricted to the less developed and emerging group of
countries. Mainline tele-density and per capita GDP reinforce each other for these countries both in the long run and
the short run. Interestingly, the results provide no strong evidence of bi-directional causal links between the two variables
of interest in the more developed country group. While there is weak evidence of two-way causal effects in the long run,
short run causality for this latter group of countries runs only from per capita GDP to mainline tele-density.
Viewed from the policy perspective, the observed contrast in results between the three groups of developing countries
suggests that less developed countries have the potential to receive strong growth returns from investment in
telecommunications infrastructure.16 Further the results suggest that the growth impact of such investment can be
14
This result compares well with the ﬁndings in Datta and Agarwal (2004). Using OECD cross-country data, the study concludes that countries in
earlier stages of development are likely to gain most from incremental investment in telecommunications infrastructure.
15
This observation supports the ﬁndings in Roller and Waverman (2001). Using OECD data, the study reports that the impact of telecommunications
infrastructure becomes even more pronounced as penetration reaches a critical mass.
16
It is interesting to note that Qiang (2009) reports similar conclusion while studying growth effects of broadband penetration in developing
countries. Using an econometric analysis of growth in 120 countries, the study concludes that developing countries demonstrating an early stage of
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Table A1
List of countries included in the panel.
Region

Country

East Asia & Paciﬁc
China, Indonesia, Malaysia, Philippines, Thailand, Brunei, Hong Kong, Korea, Singapore,
South Asia
Bangladesh, Bhutan, India, Nepal, Pakistan, Sri Lanka
Europe & Central Asia Albania, Bulgaria, Georgia, Kyrgyz Republic, Latvia, Romania, Tajikistan, Turkey, Ukraine, Cyprus, Estonia, Hungary, Malta,
Portugal, Slovak Republic
Middle East &
Algeria, Egypt-Arab Rep., Iran-Islamic Rep., Jordan, Morocco, Tunisia, UAE, Oman, Saudi Arabia
North Africa
Sub-Saharan Africa
Angola, Benin, Botswana, Burundi, Cameroon, Chad, Comoros, Congo-Dem. Rep., Côte d’Ivoire, Ethiopia, Gabon, Gambia,
Ghana, Guinea-Bissau, Kenya, Lesotho, Madagascar, Malawi, Mali, Mauritania, Mauritius, Mozambique, Namibia, Nigeria,
Senegal, South Africa, Swaziland, Uganda, Zambia, Zimbabwe
Latin America &
Argentina, Belize, Bolivia, Brazil, Chile, Colombia, Costa Rica, Dominican Republic, Ecuador, El Salvador, Grenada, Guatemala,
Caribbean
Haiti, Honduras, Jamaica, Mexico, Nicaragua, Panama, Paraguay, Peru, Suriname, Uruguay, Venezuela, Trinidad

Table A2
Country classiﬁcation by degree of development.
Category

Country

Less
developed

Angola, Bangladesh, Bhutan, Brunei, Burundi, Cameroon, Chad, Comoros, Côte d’Ivoire, Congo-Dem. Rep., Egypt-Arab Rep., Ethiopia,
Gabon, Gambia, Ghana, Grenada, Guinea-Bissau, Haiti, Kenya, Lesotho, Madagascar, Malawi, Mali, Malta, Mauritania, Mozambique,
Nepal, Nicaragua, Nigeria, Pakistan, Panama, Senegal, Sri Lanka, Tajikistan, Uganda, Zambia, Zimbabwe.
Albania, Algeria, Belize, Benin, Bolivia, Dominican Republic, Ecuador, Guatemala, Honduras, Iran, Morocco, Namibia, Paraguay, Peru,
Philippines, Swaziland.
Argentina, Botswana, Brazil, Bulgaria, Chile, China, Colombia, Costa Rica, Cyprus, El Salvador, Estonia, Georgia, Hong Kong, Hungary,
India, Indonesia, Jamaica, Jordan, Kyrgyz Republic, Latvia, Malaysia, Mauritius, Mexico, Oman, Portugal, Romania, Saudi Arabia,
Singapore, Slovak Republic, South Africa, South Korea, Suriname, Thailand, Trinidad, Tunisia, Turkey, UAE, Ukraine, Uruguay,
Venezuela.

Emerging
More
developed

expected to be even stronger for emerging countries with relatively higher level of mainline penetration. Finally, the
results suggest that increased growth in both these referred groups of countries can induce additional investment in
telecommunications infrastructure because of the high income elasticity of telecommunications usage. Taken together, the
results suggest that investment in telecommunications infrastructure may prove to be a critical tool for enhancing growth
and closing the developmental gap in countries that are relatively less advanced in terms of their manufacturing
capability.17
Appendix A
See Tables A1 and A2.
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